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A defect of fru its  of the pepper, Capsicum annum L. has 
been observed  among v a r ie t ie s  and breeding lines of this crop grown 
at the Horticultural Farm , Durham, N .H . When se v e r e ,  this defect  
has a ltered  the appearance and quality of fru its  sufficiently  to render  
them unmarketable. It can be describ ed  as a superfic ia l cracking of 
the fru its. P re lim inary  observations of the abnormality w ere  made  
in 1962. It seem ed  to be suffic iently  ser iou s  the following year  to 
warrant a m ore thorough study. The p resen t study was made to r e ­
cord and d escr ib e  the abnormality, to survey the extent of su p erfic ia l  
cracking of fruits among som e com m erc ia lly  available v a r ie t ie s  of 
pepper, to search  for cracking re s is ta n ce ,  and, by ana lys is  of s e g r e ­
gating populations, to determ ine whether susceptib ility  to the defect  




No reference  to su perfic ia l cracking of pepper has been found 
in the literature . A rather com plete  bibliography of the pepper through 
1964 has been published by Lippert and Scharffenberg (5). Since 1935, 
various types of cracking of the tom ato, another m em ber of the Solanaceae  
fam ily , have been given much attention by research  w orkers . Hepler (4) 
sum m arized  the work on cracking of tom atoes previous to 1961 and con­
tributed to the knowledge of this problem  by an objective an a lys is  of his  
own. The ph ysio log ica l d isorder of tomato m anifested  as cracking was  
c la ss if ied  as: radial, concentric , burst, and cuticle  cracking. The 
factor m ost often asso c ia ted  with fruit cracking was a water re la t ion ­
ship. Cracking is sporadic in its occu rren ce . It can be se r io u s  one 
year and not in another. He concluded that cracking in the tomato was  
of an heritable nature with gene action that was additive, partia lly  d om i­
nant, and so m e tim e s  dominant being indicated. —
Niiuchi (8) stated that r e s is ta n c e  to cracking of tom atoes is  
assoc ia ted  with thick fo liage shading of the fru its , extensib ility  of the 
fruit skin, low sugar content of fru its , and a low degree  of suberization  
of the fruit.
Graftage of peppers.w as review ed s in ce  rec ip roca l grafts of 
healthy and abnormal plants have been resorted  to for study of tr a n s ­
m iss io n  of infectious d is e a se s  of plants. Following grafting of two 
pepper v a r ie t ie s ,  Yagishita (14) reported m odifications in the shape of 
fru its. After growing two se lf-p o llin a ted  generations of seed lin gs  
from  seed s  borne in modified fru its , he concluded that the altered  
shapes p ers is ted  in both generations. In another paper, Y agish ita  (15) 
found no variation in fruit shapes "after two generations of grafting",
3but mentioned that m ultiple grafting ( su c c e s s iv e ? )  has a cum ulative  
genetic  effect. However, Ohta (10) could not dem onstrate  any changes  
in the F_ or  F 9 follow ing grafting of plants having d istin ctive ly  d ifferent  
genetic  constitutions. Topernina (12) published a paper on graftage of 
peppers. His sc io n s  w ere  defoliated, so  all nourishm ent cam e from  the 
stock. He reported so m e  m arked variations in seed lin g  progen ies  grown 
from  the fru its  harvested  from  the sc io n  variety .
4SECTION III 
MATERIALS AND METHODS 
I. Greenhouse experim ents
A. Source of pepper v a r ie t ie s .  Seed of pepper v a r ie t ie s  w ere  
rece ived  from  se v er a l  sources^
a. Joseph H arris Co. , Moreton Farm , R ochester, New York*. 
Allbig, Calwonder, Cubanelle, D elaw are B e lle ,  H arris' Improved 
Squash, Hot Portugal, Hungarian Wax, Italianelle, Keystone R esistan t  
Giant, Large Red Cherry, Pennwonder, Red Cayenne, Staddon’s Select,  
Vinedale, and Yolo Wonder B.
b. F arm er Seed & N ursery  Co. , Faribault, M innesota: Acanqua, 
King of The North, Large B ell ,  Morgold, Sweet Cream , and W isconsin  
Lakes.
c. B u rgess  Seed & Plant Co. , Galesburg, Michigan; Golden 
Wonder, M ichigan Wonder, P acem aker, Red Chili, and Sweet Cherry.
d. E astern States F a rm ers '  Exchange, W est Springfield, 
M assachusetts  (Agway Inc. , Syracuse , New Y o r k .); E astern  Rocket,
Green Boy Hybrid, and Italian Sweet.
e. Letherm an's, Inc. , Canton, Ohio: Sweet Roumanian.
f. Gill B ros. Seed Co. , Poi'tland, Oregon: Large Sweet Yellow.
g. A ssoc ia ted  Seed G row ers, Inc. , New Haven, Connecticut 
(Asgrow Seed Company International, Milford, Connecticut.); F lora l Gem.
h. Department of Plant Science, U niversity  of New H am pshire, 
Durham, New Hampshire; M errim ack Wozzder, N osegay, P inocchio, and 
Sweet Chocolate.
i. Department of Vegetable Crops, U niversity  of California, 
D avis , California: UC# 61 M 10, and Santa Fe Gem.
5j. V ege tab le  C ro p s  Divis ion ,  U n iv e rs i ty  of I l l in o is ,  Urbana ,  
I l l ino is ;  111. # 1003-201, and 111. # 1003-205.
k. D e p a r tm e n t  of H o r t i c u l tu r e ,  M ich igan  Sta te  U n iv e rs i ty ,
E a s t  L ans ing ,  M ich igan ;  S p a r tan  E m e r a ld .
1. N o r th e a s t  Regiona l  P l a n t  In t roduct ion  Stat ion, Geneva,
New York: P lan t  In t roduct ion  N u m b e rs  263073 (USSR), 263078 (USSR), 
263109 (USSR), 263110 (USSR), 263114 (USSR), 267081 (USSR), 264659 
(Germany) ,  264662 (Germany) ,  260453 (Argentina),  and 286419 (Nepal).
In addit ion,  a  t r u e - b r e e d i n g  l ine  of p e p p er  and a  v a r i e ty  developed  
at  the  New H a m p s h i r e  A g r i c u l tu r a l  E x p e r im e n t  Station w e r e  u se d  in th is  
study: n a m e ly ,  NK# 59-4  and P e r m a g r e e n .
B. Growing the  se ed l in gs .  Seeds t r e a t e d  with A r a s a n  ( t e t r a -  
m e th y l th iu r a m  disu lphide)  w e r e  sown in c lean  sand  in wooden f l a t s .  The  
f la t s  w e r e  p laced  in a  w a r m  g re e n h o u se  to allow the  s e e d s  to g e rm in a t e .  
The se ed l in g s  w e r e  t r a n s p la n te d  into 3-  inch s t a n d a r d  c lay  pots  o r  
wooden f la t s  as soon as  they  showed t h e i r  f i r s t  t r u e  leaf.  A so i l  m ix t u r e  
m a d e  up of 3 p a r t s  of good g ree n h o u se  bench  so i l  (one p a r t  composl  
so i l ,  1 p a r t  of s a n d  and 1 p a r t  of peat)  and 1 p a r t  of d r i e d  cow m a n u r e  
was  u sed  fo r  th is  p u rp o se .  A f te r  the  p lan ts  had grown fo r  a  month,  
they w e r e  t r a n s p la n te d  into 6- inch s t a n d a r d  clay pots  fo r  f u r t h e r  o b s e r ­
va t ion  in the  g reen h ou se .
C. Technique  of c r o s s i n g . P e p p e r  p lants  to be u sed  fo r  
b r e e d in g  w e r e  r e m o v e d  f r o m  the f ie ld  d u r ing  late  S e p te m b e r  o r  e a r ly  
O c to be r  and p lac ed  in a  w a r m  s c r e e n e d  g ree n h o u se .  The p lan ts  w e r e  
p run ed  l ight ly  b e fo re  they  w e r e  t r a n s p la n te d  into 10- inch s t a n d a r d  c lay  
po ts  conta in ing  a s o i l  m ix tu r e  as  d e s c r i b e d  above. The s a m e  day tha t  
the  p e p p e r  p lan ts  w e r e  m oved  into the  g ree n h o u se ,  they w e r e  put  unde r  
l ights  to give th em  su p p le m e n ta l  i l lum ina t ion  a f te r  su n s e t  so  a s  to 
a p p ro x im a te  a  15- hour  pho toper iod .  O n e -h u n d re d -w a t t  M azda  in c a n ­
d e s c e n t  bu lbs  with r e f l e c t o r s ,  sp a c e d  4 f e e t  a p a r t  o v e r  the  bench,
6f u rn i sh e d  the n e c e s s a r y  l ight  and w e r e  con tro l led  by an au to m a t ic  
e l e c t r i c  t i m e r .  G re en h o u se  t e m p e r a t u r e s  w e r e  m a in ta in ed  at  a p p ro x i ­
m a te ly  70° F. d u r in g  the day  and 60° F. a t  night.
As soon a s  they b e c a m e  la rg e  enough, heal thy  f low er  buds 
w e r e  e m a s c u la t e d  by re m o v in g  the  s t a m e n s  with  f o r c e p s  a p p ro x im a te ly  
one day b e fo re  a n th e s i s .  A hand lens o r  M agnif ie r  was  u se d  to m ake  
s u r e  tha t  no pollen had been  shed.
E m a s c u la t e d  f lo w e rs  w e r e  po l l ina ted  the  s a m e  day and a lso  
on the following day. E v e r y  po l l ina ted  f low er  was  m a r k e d  by p lac ing  
a  t ag  on the  ped ice l .  The po l len  p a r e n t  and the da te  of po l l ina t ion  
w e r e  r e c o r d e d  on the tag. F r u i t s  r e s u l t i n g  f ro m  hand po l l ina t ions  
w e r e  h a r v e s t e d  when they w e r e  ful ly r ipe .  Seeds  r e m o v e d  f ro m  f r u i t s  
w e r e  a i r - d r i e d  fo r  1 o r  2 days  and then  s t o r e d  at  0° F. fo r  1 o r  2 w eeks .  
P r o g e n i e s  of both h ybr id  and se l f -p o l l in a te d  se ed l in g s  w e r e  grown.
D„ Seeds fo r  F 0 gene ra t io n .  F i r s t - g e n e r a t i o n  p lan ts  w e r e  
grown in an in s e c t - p r o o f  s c r e e n e d  g re e n h o u se  to i n s u r e  se l f -p o l l in a te d  
s e e d s  fo r  the  F „ .  While  the  p e p p e r  is c l a s s i f i e d  com m only  a s  a s e l f -
LA
po l l ina ted  c rop ,  Odland and P o r t e r  (9) found as  high a s  37 p e r c e n t  n a tu ra l  
c r o s s i n g  in f i e ld -g ro w n  s e e d s  when c e r t a in  v a r i e t i e s  w e r e  p lan ted  in 
c lo s e  proximity,,
E. G raf t ing  e x p e r im e n t s .  In the s u m m e r  of 1963 g ra f ta g e  was 
u se d  to d e t e r m i n e  w h e th e r  s u p e r f i c i a l  c ra c k in g  might  be t r a n s m i t t e d  
f r o m  one plant  to an o th e r  p lant .  R e c ip r o c a l  g ra f t s  w e r e  m ade  be tw een  
Sweet R oum an ian  and L a rg e  Sweet Yellow v a r i e t i e s .  Sweet  R oum anian  
had shown s e r i o u s  c r a c k in g  and L a r g e  Sweet Yellow was a s s u m e d  to be 
f r e e  f r o m  the  a b n o rm a l i t y  a t  tha t  time.-  Seedlings of the  2 v a r i e t i e s  
hav ing  s t e m s  about  1/4 - inch in d i a m e t e r  w e r e  g ra f te d  Ju ly  21, 1963.
A c lef t  g ra f t  was  u s e d  with p r o c e d u r e  as  follows: f i r s t ,  the  top of the  
s to c k  p lan t  was  cut  off 2 to 3 inches  f r o m  the so i l .  The top of the cut
7s t e m  w a s  sp l i t  a t  the m idd le  about  1 inch  deep.  An a c t iv e ly -g ro w in g  top 
po r t io n  of a se e d l in g  with s e v e r a l  a t tached  leaves  was  chosen  fo r  a  sc ion  
and i ts  b a se  was  b eve l led  on two s id e s  and in s e r t e d  in the  s tock .  The 
sc io n  was  held  t ight ly  in p lace  with a r u b b e r  s t r i p .  All g ra f te d  p lan ts  
w e r e  he ld  in a cool, hum id ,  shaded  g re e n h o u se  fo r  about 5 d ays .  The 
p lan ts  w e r e  w a t e r e d  e v e ry  day. A f te r  5 days  a l l  g ra f te d  p lan ts  had 
m a d e  s u c c e s s f u l  unions.  The g ra f ted  p lan ts  w e r e  t r a n s p la n te d  into 
6 - inch  s t a n d a r d  c lay pots and p laced  again  on a  bench  in a  w a r m  s c r e e n e d  
g re e n h o u se .  They  w e re  sp a c e d  14 inches  a p a r t  be tween  the ro w s  and 
12 inches  a p a r t  in the row s so tha t  they  could be given r e g u l a r  c a r e  and 
kept  u n d e r  c lo s e  ob se rv a t io n .
2. F ie ld  E x p e r im e n t s
P e p p e r  s e e d l in g s  fo r  t r a n s p la n t in g  to the  open f ie ld  at the  
H o r t i c u l tu r a l  F a r m ,  D u rh a m ,  N. H. w e r e  s t a r t e d  in the  g re e n h o u se  and 
grown a c c o rd in g  to m e th o ds  p re v io u s ly  d e s c r ib e d .  In 1964, s e e d s  w o re  
sown A p r i l  10, the seed l in g s  t r a n s p la n te d  into 3 - in ch  pots  o r  wooden 
f la t s  A p r i l ' 28 and 29, and t r a n s p la n te d  to the f ie ld  plot on Ju n e  1. B e ca u se  
of d ro u g h t  condit ions ,  it was  n e c e s s a r y  to i r r i g a t e  the  p lan ts  by an o v e r ­
head  i r r i g a t i o n  s y s t e m  on J u n e  2. The p lan ts  w e re  sp a c e d  1. 5 f ee t  in row s  
th a t  w e r e  3. 5 fee t  a p a r t .  The so i l  in th is  a r e a  has  been  c la s s i f i e d  a s  the  
s tony p h a s e  of Paxton .  B e fo re  plowing, 10 tons to the a c r e  of cow m a n u re  
su p p le m e n te d  with 400 pounds of su p e rp h o sp h a te  w e r e  applied  to the  a r e a .  
B e tw een  400 and 500 pounds p e r  a c r e  of a c o m m e r c i a l  b r a n d  of 10-10-10 
f e r t i l i z e r  w e r e  b r o a d c a s t  and h a r ro w e d  into the soi l .
In 1965, a n o th e r  n e a rb y  plot  on s i m i l a r  type so i l  p r e p a r e d  in a 
s i m i l a r  m a n n e r  was chosen  fo r  p lan t ing  to p e p p e r s .  As the  s e a s o n  seem ed,  
de layed  so m ew h a t ,  s e e d s  w e r e  not  sown in the  g re e n h o u se  unt i l  A p r i l  16. 
Seedlings  w e re  t r a n s p la n te d  on A p r i l  28 and 29 and s e t  in the  open field 
on M ay 28„ Seedlings  w e r e  sp a c e d  a t  the  s a m e  d i s t a n c e s  a s  in 1964. In 
both  y e a r s ,  one o r  two app l ica t ions  of one p e r c e n t  Rotenone dus t  w e r e
u se d  to c o n t ro l  f lea  b e e t le ,  C r e p id o d e r a  s p e c i e s .  No o th e r  d us t s  o r  
s p r a y s  w e r e  app l ied  a t  any t im e .  Shallow cu l t iva t ion  and f r e q u e n t  
hand hoe ing  w e r e  done a s  needed  to m ain ta in  the p lo ts  f r e e  of a l l  w eeds .  
No f r u i t s  w e r e  p icked  f r o m  the p lan ts  un t i l  a  s ing le  h a r v e s t  was m ade  
ju s t  b e fo re  o r  soon a f t e r  the  f i r s t  k i l l ing  f r o s t  late  in S e p te m b e r .  A f te r  
a l l  the f r u i t s ,  both i m m a t u r e  and r ip e ,  had  been  p icked  f r o m  a plant  and 
laid  on the  ground  b e s id e  the  p lan t ,  the f r u i t s  w e re  o b s e r v e d  ca re fu l ly  
and r a t e d  fo r  the  am ount  of s u p e r f i c i a l  c ra c k in g  tha t  had o c c u r r e d .  
W e a th e r  r e c o r d s  f o r  the  two grow ing  s e a s o n s  a r e  l i s t e d  in the  appendix.
3. Rat ing  s y s t e m  fo r  f r u i t s
A f te r  the  f r u i t s  f r o m  a  s ing le  p lant  had b een  h a rv e s t e d ,  they  
w e r e  d iv ided  into 2 g roups  c o n s i s t in g  of i m m a t u r e  and r ip e  p e p p e r s .
Any f ru i t  tha t  had not tu rn e d  co m p le te ly  to the  c o lo r  c h a r a c t e r i s t i c  of 
th a t  v a r i e ty  when r i p e  (red,  yel low, b row n,  o r  d a r k  g re e n  f o r  the P e r m a -  
g r e e n  v a r ie ty )  was  c la s s i f i e d  as  i m m a tu r e .  Those  f r u i t s  f r e e  of s u p e r ­
f i c i a l  c r a c k in g  in each  of the  g roups  c l a s s i f i e d  a s  to m a t u r i t y  w e r e  
s e p a r a t e d  and counted.  All f r u i t s  showing the  d e fe c t  w e r e  r a t e d  ind iv id ­
ual ly  by  a  v i su a l  r a t i n g  s y s t e m ,  with a 0 va lu e  fo r  f r ee d o m  f r o m  c ra c k in g  
and v a lu es  f r o m  1 to 9 r e p r e s e n t i n g  v a r io u s  s e v e r i t i e s  of the  t ro u b le .  ^
The m o s t  s e v e r e  r a t i n g  had a  va lue  of 9. After  counting the n u m b e r ’of 
de fec t ive ,  c r a c k e d  f r u i t s  am o n g  those  g rouped  a s  i m m a t u r e  and those  
g rouped  a s  r ip e ,  a  w e igh ted  m ea n  v i su a l  r a t i n g  fo r  each  p lan t  was c o m ­
puted. F iv e  p lants  of a  v a r i e ty  tha t  had been  r a t e d  individually  w e re  
then  pooled to a s c e r t a i n  a  m e a n  r a t i n g  fo r  bo th  the  i m m a tu r e  and the 
r i p e  f r u i t s  of the v a r i e ty .  Individual  se ed l in g s  in and F ^  popula t ions  
w e r e  r a t e d  in a  s i m i l a r  m a n n e r .
94. P h o to g ra p h s
A B a u sc h  and Lomb S te reo  Zoom s e r i e s  A m ic r o s c o p e  was  
u se d  to pho tog raph  the s u r f a c e  of f ru i t s  u n d e r  m agn i f ica t ion .  O th e r  
pho tog raph s  w e r e  taken  by u se  of a  Contaf lex  s ing le  lens  r e f l e x  c a m e r a  
adap ted  to pho tograph  at d i s t a n c e s  of 0. 2 to 0. 5 m e t e r .  K od ach ro m e  II 
day l igh t  c o lo r  f i lm  was  used .
5. S ta t i s t i c a l  Methods
A. L e a s t - s q u a r e s  a n a ly s i s .  C o m p a r i s o n s  of 26 v a r i e t i e s ,
which w e r e  grown in 1964 and aga in  in 1965, w e r e  m ad e  by  u s ing  
l e a s t - s q u a r e s  a n a ly s i s  fo r  da ta  with unequal  s u b c l a s s  n u m b e r s  in a 
two-way c la s s i f i c a t io n  with in te rac t io n  (3). T h e r e  w e re  5 p lan ts  of 
e ac h  v a r i e ty .  Da ta  w e r e  an a ly zed  s e p a r a t e l y  fo r  the  r ip e  and i m m a ­
t u r e  f ru i t  g roups .  The s t a t i s t i c a l  a n a ly s e s  w e r e  m ad e  by u se  of an 
In te rn a t io n a l  B u s in e s s  M achine  1620 C om p u te r  a v a i lab le  in the  Uni­
v e r s i t y  of New H a m p s h i r e  C o m p u te r  C en te r .
B. W a r n e r ' s  m eth o d  fo r  e s t im a t in g  h e r i t a b i l i t y . A ccord ing  to 
W a r n e r ' s  p ro p o s a l  (13), the h e r i t a b i l i t y  e s t im a t e  is  b a se d  on to ta l  v a r i ­
a n ce  of the  and the b a c k c r o s s e s  of the  F. to each  inb red  p a re n t .  No 
2 1
e s t im a t e  of e n v i ro n m en ta l  v a r i a n c e  o r  of to ta l  genet ic  v a r i a n c e  is n e c e s ­
s a r y .  Use  is  m a d e  only of to ta l  w i th in -popu la t ion  v a r i a n c e s .  H e r i t a b i l i ty
is  c a lcu la te d  by the following fo rm ula :
TT -+ k -t + (1/2) D H e r i t a b i l i ty  = —~ — ---------
F2
(1/2) D = the  addit ive  genet ic  component  of v a r i a n c e  of F 2
and V_, = to ta l  within  v a r i a n c e  of F 0r 2 2
and (1/2) D = 2 (V ) - .( V „  + V ), w h e r e
*2  B 1 B 2
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V-p, and V_, a r e  the to ta l  within v a r i a n c e  of b a c lm r o s s e s  of 
B 1 b 2 
the to the  r e s p e c t iv e  p a re n t s .
As s t a te d  by W a r n e r  (13):, ’’The m ethod  is b a se d  on the conven­
t iona l  a s su m p t io n s  in e s t im a t in g  h e r i tab i l i ty ,  w he ther  by p a re n t - o f f s p r in g  
r e g r e s s i o n s  o r  by components  of v a r i a n c e ,  i. e. , addi t iv i ty  of genic e f fec ts ,  
locus to locus (no e p i s ta s i s ) ,  and independence of genotype and e n v i ro n ­
m e n ta l  v a r i a n c e .  An addit ional  a s su m p t io n  is  n e c e s s a r y  to the  effect  
tha t  the  e n v i ro n m e n ta l  components  of v a r i a n c e  of the  F 2 and of the  two 
b a c k e r o s s e s  a r e  of c o m p a rab le  magni tude .  "
11
SECTION IV 
RESULTS AND DISCUSSION 
1. D escrip tion  of su p erfic ia l  cracking of pepper fruits
Superfic ia l cracking of pepper fruits occurred  both in the field  
and in the greenhouse. As no previous report or descrip tion  of the ab­
norm ality has been published, photographs illustrating defective  fruits  
are included in this study. A photograph of tom atoes is  presented  
showing s im ila r  sym potom s. The tomato plants having the cracked  
fruits grew in a row adjacent to pepper plants grown in the open f ie ld  
in 1963. Thompson and Kelly (11) have stated that pepper and tomato  
have s im ila r  cultural, c lim atic  and so i l  requirem ents and that s e v e r a l  
d is e a s e s  of the pepper are  the sam e as or s im ila r  to those of the tom ato. 
Brown and P r ic e  (1) reported that only very  im m ature green tomato  
fruits w ere  consistently  free  of cracking. The sam e  conclusion can be 
stated for pepper fruits as observed  in the present study.
V ery fine su perfic ia l cracking of fruits could be detected by 
c lo se  observation of an advanced stage of green fruit developm ent.
Such fru its  would be considered  ready for harvesting co m m erc ia lly  
for use  as green  sa lad peppers. In fact, the abnormality was found 
p resen t  on green  peppers that had been shipped in from southern sta tes  
to loca l city m ark ets . Incipient su p erfic ia l  cracking of the fru its can 
be identified under d irect  bright light by use  of a hand lens for m agnifi­
cation before  it b ecom es read ily  apparent o therw ise . With re feren ce  
to F igure 1, typical su p erfic ia l  cracking of fruits of a plant of NH # Y-61 
pepper, which has ripe yellow  fru its , is  c lear ly  evident on both im m a ­
ture and ripe peppers. Subcuticular c e l ls  in the f lesh  of the fruit as  
w ell  a s  the cutic le  had been ruptured. Following suberization  of the
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m inute  wounds,  the  a b n o rm a l i ty  b e c a m e  p ro m in e n t .  The s u r f a c e  of 
the  f ru i t  was  rough  f ro m  fo rm a t io n  of c o rk  t i s s u e .
A. V ary ing  p a t t e r n s  of c rack ing .  F ig u r e  2 is a  pho tograph  
of the  s u p e r f i c i a l  c ra c k in g  at  10. 5 m agnif ica t ion .  M a rk e d  v a r i a t io n  in 
s i z e  of the  c r a c k s  can be seen .  M ost  of th e s e  c r a c k s  a r e  longitudinal .
In F i g u r e  3, longitudinal  c r a c k s  on a  fully  r ip e  r ed  f ru i t  a r e  m o s t  p r o m i ­
nent,  a l though a few at  r ig h t  ang les  to the m a in  ax is  of the  f r u i t  can be 
found, p a r t i c u l a r l y  n e a r  the b lo s s o m  end. In F ig u r e  4, s e v e r e  c ra c k in g  
shows at  the  b lo s s o m  end of a f ru i t .  In F i g u r e  5, both longitudinal  and 
t r a n s v e r s e  c r a c k s  a p p e a r  a t  the  s t e m  end of f r u i t s ,  and both the  lobes  
and d e p r e s s e d  a r e a  be tw een  the lobes a r e  a ffected .  A pparen t ly  any 
p o r t ion  of the  s u r f a c e  of the  f ru i t  can develop  s u p e r f i c i a l  c rack in g .
The p a t t e r n  of cz'acking m ay  d i f fe r  a c c o rd in g  to v a r i e t i e s .  The v a r i e t i e s  
s tud ied  had a s e r i e s  of co lo r  v a r i a t io n s  in the i m m a t u r e  f ru i t s  v a ry in g  
f r o m  a light  su lp hu r  yellow th rough  light g r e e n  to a deep d a r k  m o s s  
g r e e n  co lo r  ty p ica l  of the  P e r m a g r e e n  v a r i e ty .  C ra c k s  w e re  o b s e r v e d  
with  diff icu l ty  on su lp h u r  yellow f ru i t s  as  they did not c o n t r a s t  with 
the  co lo r  of the  im m a tu r e  f ru i t .  S uper f ic ia l  c ra c k in g  was  m o s t  r e a d i ly  
o b s e r v e d  on r ip e  r e d  f r u i t s .  T h ese  fac ts  had to be taken  into c o n s i d e r a ­
t ion  when r a t in g s  of the  r e l a t iv e  am ount  of c ra c k in g  of f ru i t s  w e r e  m ade .
The p a t t e r n  of c ra c k in g  in p e p p e r s  can  not  be c la s s i f i e d  so 
r e a d i ly  into d i s t inc t  types  a s  has  been  done with the  tom ato  by H e p le r  
(4). T yp ic a l  b u r s t in g  of ful ly r ipe  p e p p e r  f r u i t s  was o b s e r v e d  in the  
f ie ld  in th is  s tudy following a r a in  of 0. 75 inch on S e p te m b e r  13, 1965 
th a t  had b e en  p re c e d e d  by 4 w eeks  of inadequate  m o i s t u r e  supply  fo r  
the  p lan ts .  The photograph  of a de fec t  of to m a to e s  grown in th is  s tudy 
{see F ig u r e  6) can be d e s c r i b e d  as  a n o th e r  c a s e  of s u p e r f ic i a l  c ra c k in g  
of the  f ru i t .  Some m ig h t  r e f e r  to the condit ion both in to m a to  and p e p p e r  
a s  ’' r u s s e t ” . In the  s t r i c t  s e n s e  of the  w ord  r u s s e t  is a  co lo r ,  and 
c e r t a i n  w in te r  v a r i e t i e s  of apple  having a rough  sk in  a r e  cal led  r u s s e t s
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because  of their  co lor . Superficia l cracking affects pepper fruits  
reg a r d le s s  of their  s iz e ,  provided that they have attained a certain  
stage  of m aturity.
mFigure 1. Superficial cracking of NH # Y-61 
pepper fru its  in 1963.
Figure 2. Superficia l cracking of a fruit of an 
unnamed N. H. pepper se lec t ion  
X 10. 5 m agnification.
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F i g u r e  3. S u p e r f ic ia l  c ra c k in g  of a r ip e  f ru i t  
with  m o s t  c r a c k s  be ing  longitudinal .  
NH # Y-61 X Sweet  .Roumanian F^.
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F ig u r e  4. S u p e r f ic ia l  c ra c k in g  loca ted  a t  the 
b l o s s o m  end of a  r i p e  p e p p e r  f ru i t .  
C a lw onder  v a r i e ty .
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F i g u r e  5. Both longitudinal  and t r a n s v e r s e  
c r a c k s  a t  the  s t e m  end of f ru i t s .  
G re e n h o u s e -g ro w n  Sweet Roumanian .
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/* i o
F i g u r e  6. S u p e r f ic ia l  c ra c k in g  of to m a to es .
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B. P a r t h e n o c a r p i c  f r u i t s . Som e s e e d l e s s  f r u i t s  r ip en e d  both 
in th e  g re e n h o u se  and the  f ield.  C u r t i s  and S c a rc h u k  (2) r e p o r t e d  the  
o c c u r r e n c e  of s e e d l e s s  f r u i t s  in p e p p e r  to be a  r e c e s s i v e  c h a r a c t e r  
depending  on a  s ing le  M ende l ian  t r a i t .  Both p a r th e n o c a r p ic  and n o r m a l  
f r u i t s  g rew  on the s a m e  p lant  in th is  s tudy.  M a r k e d  d i f f e r e n c e s  in the 
s i z e  of r i p e  f r u i t s  r e s u l t e d  as  i l l u s t r a t e d  in F ig u r e  7. R e g a r d l e s s  of s i z e  
of f r u i t s ,  a f t e r  they  had  r e a c h e d  the  p r o p e r  s t a g e  of m a tu r i t y ,  s u p e r ­
f ic ia l  c r a c k in g  of the  r e l a t i v e ly  s m a l l  p a r t h e n o c a r p i c  f r u i t s  o c c u r r e d .
The p a t t e r n  o r  type  of c r a c k in g  could not  be d i s t in g u ish ed  f r o m  the  
de fec t  on n o r m a l  f r u i t s .  Both g r e e n  and ful ly  r ip e  p a r th e n o c a r p ic  
p e p p e r s  had s u p e r f i c i a l  c ra ck in g .  ■
C. Incidence  of c ra ck in g .  As grown in the  f ie ld ,  p a r t i c u l a r l y  
in 1965, s o m e  p e p p e r s  s e t  f ro m  f lo w e r s  b o rn e  so  c lo se  to the  ground  
tha t ,  when the  f r u i t  e n la rg e d ,  p a r t  of it  c a m e  in con tac t  wi th  the  m o is t  
so i l .  When the f ru i t  was  one th a t  had s u p e r f i c i a l  c ra ck in g ,  the  p o r t io n  
of the  p e p p e r  con tac t ing  the ground  was m o r e  s e v e r e l y  a f fec ted  than  
o th e r  p a r t s  of the  s u r f a c e  of tha t  f ru i t .  S e v e re  s u p e r f i c i a l  c r a c k in g  of 
a f r u i t  r e s u l t e d  a lso  when a  m o is t  dead  leaf  s tu c k  to the  s u r f a c e  of the  
f ru i t .  The po r t ion  c o v e re d  by the leaf  was  s e v e r e l y  a f fec ted .  S u p e r ­
f i c i a l  c r a c k in g  of p e p p e r  f r u i t s  is a s s o c i a t e d  with  m o i s t u r e  r e l a t io n s h ip s .
F igure 7. Sm al l  p a r th e n o c a r p ic  f r u i t s  and a 
n o r m a l  r i p e  f r u i t  m a t u r e d  on the 
s a m e  p lant .  G re e n h o u s e -g ro w n  
NH # 59-4 X Sweet  R oum an ian  F ^
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2. O b s e rv a t io n  of g ra f te d  p lan ts
A p e p p e r  p lant  that  had been  g ra f te d  and then grown in the  
g re e n h o u se  unt i l  a  f ru i t  had r ip en ed  is i l l u s t r a t e d  in F ig u r e  8. The 
p u r p o s e  of g ra f t a g e  d i f f e red  f ro m  th a t  of Y ag ish i ta  (14) (15), Ohta (10), 
and T o p e rn in a  (12) who w e r e  p r i m a r i l y  i n t e r e s t e d  in d e te r m in in g  genet ic  
e f fec ts .  In th is  s tudy ,  it s e e m e d  fea s ib le  to m ake  r e c i p r o c a l  g r a f t s  of 
two v a r i e t i e s  of p e p p e r s ,  one of which  was  su b je c t  to s e v e r e  s u p e r f i c i a l  
c r a c k in g  and a n o th e r  tha t  m ight  b e  f r e e  of the  defec t .  T h is  method  
should t e s t  w h e th e r  the  a b n o rm a l i t y  m igh t  be a s s o c i a t e d  with a v i r u s  
o r  any t r a n s m i s s i b l e  pa tho log ica l  condit ion. Two v a r i e t i e s  tha t  had 
r ip e  f r u i t s  of a  c o n t r a s t in g  co lo r  w e r e  u sed  so  tha t  t h e r e  was  no chance  
to confuse  iden t i ty  of the  kind u se d  e i t h e r  as  a  r o o t s to c k  o r  as  a sc ion .  
Sweet R oum anian  had r e d  r ip e  f r u i t s  and a r a t i n g  f o r  s e v e r e  c ra c k in g  
when grown in the  f ie ld  (see  Tab le  1). L a r g e  Sweet  Yellow p ep p er  
m a t u r e d  yellow f r u i t s ,  but  it was  found, a f t e r  the  g r a f t s  had been  m ade  
in the  g re e n h o u se ,  to be a l so  so m ew h a t  sub je c t  to c r a c k in g  in the  f ie ld  
(see  T ab le  2). R e g a r d l e s s  of th is  fac t ,  the  r e l a t i v e  su sce p t ib i l i ty  of 
the  Sweet R oum an ian  and L a r g e  Sweet  Yellow v a r i e t i e s  to  s u p e r f i c i a l  
c r a c k in g  w as  m a in ta in ed  without d i s c e r n i b l e  change in 40 p lan ts  tha t  
had b een  grown a s  r e c i p r o c a l  g r a f t s .  The  am ount  and p a t t e r n  of c r a c k in g  
was  c h a r a c t e r i s t i c  of the v a r i e ty  r e g a r d l e s s  of w h e th e r  it was  n o u r i sh e d  
by i ts  own ro o t s  o r  was  grown on a ro o t s to c k  of the  o th e r  v a r i e ty .  No 
p a tho log ica l  condit ion t r a n s m i s s i b l e  by the  sa p  of the  p lan t  th rough  a 
g ra f t  union was  o b s e rv e d .  S up e r f ic ia l  c ra c k in g  of f r u i t s  w as  c o n s id e re d  
to  be  a  non infec t ious  d i s o r d e r  and  p o ss ib ly  one th a t  m igh t  be in h e r i ted .
F ig u r e  8. Sweet R oum anian  p e p p e r  g ra f te d  on 
L a r g e  Sweet Yellow v a r i e ty  a s  a 
ro o ts tock .
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3. F r e e d o m  f r o m  c ra c k in g
C u r s o r y  o b s e r v a t io n  was m ad e  in 1962 of p e p p e r s  g rown in 
p lo ts  a t  the  H o r t i c u l tu r a l  F a r m ,  D u rh a m ,  N. H. A f te r  an e x am in a t io n  
of u n h a r v e s t e d  f r u i t s ,  it s e e m e d  th a t  Keystone  R e s i s t a n t  Giant, L a r g e  
Sweet Yellow, and b re e d in g  l ine NH # 5 9 -R  w e r e  f r e e  f ro m  the defec t .
In 1963, a l l  t h r e e  k inds  had s u p e r f i c i a l  c r a c k s .  B re e d in g  l ine NH # 59-4 
s e e m e d  f r e e  of c r a c k in g  in 1963, but  when ex am ined  in 1964, it could 
not be r a t e d  e n t i r e ly  f r e e  of the  defec t .  Of a l l  v a r i e t i e s  su rv e y e d  
(see  T ab le  1) only one v a r i e ty ,  Red Chili,  had a  0 r a t i n g  and has  r e m a in e d  
f r e e  of the  de fec t .  It is a  pungent  v a r i e ty .  T h i r t y - o n e  sw e e t  v a r i e t i e s  
w e r e  found to have s u p e r f i c i a l  c ra ck in g  of v a ry in g  s e v e r i t i e s .  T h rough  
the c o u r t e s y  of M r .  W a l te r  S. Mcllhenny,  p r e s i d e n t  of M ellhenny  Co. , 
A v e ry  Is land ,  L o u is ian a ,  a pot ted  p e p p e r  p lant  with m a t u r e  r ip e  f r u i t s  
such  a s  a r e  u sed  fo r  m ak in g  T a b a sc o  b ra n d  p e p p e r  sa u c e  w as  sh ipped  
to D u r h a m ,  N. H. in O c to b e r ,  1965„ Repea ted  c ro p s  of r ip e  f r u i t s  w e r e  
o b s e r v e d  in the  g re e n h o u se  b e fo re  the  p lan t  was  d i s c a r d e d  in s p r i n g  of 
1966. No c ra c k e d  f r u i t s  w e r e  seen .  Of nine o th e r  v a r i e t i e s  of pungent 
p e p p e r s  l i s t e d  in T a b le s  1 and 2, a ll  had s o m e  c ra ck in g .  No d i r e c t  
r e l a t io n s h ip  be tw een  s i z e ,  shape  of f ru i t ,  o r  p r e s e n c e  o r  a b sen c e  of 
c a p sa c in ,  which is  the pungent  su b s ta n c e  in p e p p e r s  (6), and s u p e r ­
f ic ia l  c r a c k in g  of f ru i t s  w as  found.
4. Im p l ica t ion s  f ro m  ra t in g s  fo r  c ra c k in g
M o r ro w ,  D a r r o w ,  and Rigney (7) p o in ted  out tha t  s c o r e s  o r  
r a t in g s  g iven h o r t i c u l t u r a l  m a t e r i a l  could be handled  ju s t  a s  any o b je c ­
t ive  m e a s u r e m e n t s  to give m ea n s  and s t a n d a r d  e r r o r s .  Such r a t in g s  
can be  su b je c ted  convenien t ly  to s t a n d a r d  m ethods  of s t a t i s t i c a l  a n a ly s i s .  
The m e a n  r a t i n g s  of the  im m a tu r e  f r u i t s  fo r  26 v a r i e t i e s  of p e p p e r s
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grown both  in 1964 and 1965 (see  T ab le  1) s e e m e d  to have l e s s  s u p e r ­
f ic ia l  c ra c k in g  than  the  r ip e  f r u i t s .  Both s t a g e s  of f ru i t  m a t u r i t y  
w e r e  given lo w e r  r a t i n g s  in the  f i r s t  y e a r  than  in the  following one.
When the  d a ta  w e r e  t r e a t e d  by the  m ethod  of l e a s t - s q u a r e s  (see  T ab le  4), 
s t a t i s t i c a l  s ig n i f ic an c e  was found fo r  d i f f e r e n c e s  be tw een  v a r i e t i e s ,  
y e a r s ,  and v a r i e t i e s  x y e a r s .  The  tendency  for  m o r e  cracking to 
r e s u l t  a s  the  f ru i t  p r o g r e s s e s  f ro m  the g re e n  s tage  of m a tu r i t y  to full 
r i p e n e s s  is c l e a r ly  evident,  i'n the  c a s e  of the  P e r m a g r e e n  v a r i e ty ,  
which r e m a in s  the  s a m e  g re e n  co lo r  r e g a r d l e s s  of the s ta g e  of m a t u r i t y  
of the  f ru i t ,  t h e r e  is no r e a s o n  fo r  m ak in g  an exception.  It was not 
included in the  t ab le s  because  of the  diff icu lty  of a s c e r t a i n in g  p r e c i s e l y  
i ts  d e g re e  of r i p e n e s s  which  was  the c r i t e r i o n  u sed  with a l l  o t h e r  v a r i e t i e s  
fo r  s e p a r a t io n  into 2 g roups  of f r u i t s .  The u n c la s s i f i e d  f r u i t s  of P e r m a ­
g ree n ,  the  m a j o r i t y  of which w e r e  a t  o r  n e a r in g  full  r i p e n e s s ,  w e r e  
r a t e d  2. 2 and 3. 4 fo r  s u p e r f i c i a l  c ra ck in g ,  r e s p e c t iv e ly ,  in the  two 
y e a r s .
T w e n ty - th r e e  v a r i e t i e s  included in th e  s u r v e y  f o r  c r a c k in g  of 
f r u i t s  p ro v ed  too la te  f o r  New H a m p s h i r e  (see  T ab le  2). B e c a u se  m o s t  
of them  had no r ip e  f r u i t s  in 1964, they  w e r e  not p lan ted  in 1S65. All  23 
k inds  had s u p e r f i c i a l  c r a c k in g  of the i m m a tu r e  f ru i t s .  Sweet  C r e a m  
v a r i e ty ,  grown only in 1965, had r e l a t iv e ly  high ra t in g s  of 5. 2 and 6. 8 
fo r  i m m a t u r e  and r i p e  f r u i t s ,  r e s p e c t iv e ly .
As c ra c k in g  of f r u i t s  of the  p e p p e r  v a r i e t i e s  included in th is  
s tudy  is so  com m on,  the  ques t ion  m ay  a r i s e  a s  to why the defec t  has  
not  been  r e p o r t e d  p rev io u s ly .  This  m a y  be due, in p a r t ,  to the  fac t  
tha t  so  m any  peppers  a r e  h a r v e s t e d  f o r  g re e n  s a la d  p e p p e r s ,  when the 
inc ip ien t  s u p e r f i c i a l  c ra c k in g  would be h a rd ly  no t iceab le .  T h is  co n d i ­
t ion would not, in i tse l f ,  l e s s e n  the  s a l e s  va lue  of the  f r u i t s .  R epea ted  
h a rv e s t in g s  of s a l a d - t y p e  p e p p e r s  a r e  m ad e .  Reduct ion  of load of 
f r u i t s  on a  p lan t  m ay  affec t  fav o ra b ly  w a t e r  r e l a t io n s h ip s  of the  p lan t  
so  tha t  c r a c k in g  is  l e s s  s e r i o u s  even in the  r ip e  f r u i t s .  F u r t h e r  e x p e r i ­
m e n t s  beyond the  sco p e  of th is  s tudy a r e  needed  to l e a r n  the  c a u s e s  of
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th is  de fec t .  T ha t  the  a b n o rm a l i ty  can b e c o m e  s e r i o u s  when a l l  f r u i t s  
a r e  left f o r  a  s ing le  h a r v e s t  m ad e  ju s t  b e fo re  the  f i r s t  fa l l  f r o s t  was  
e s t a b l i s h e d  in th is  s tudy.  With c o n s id e ra t io n  of the  l ike l ihood of m ac h in e  
h a r v e s t in g  of p e p p e r s  within  the  next d e cad e  f ro m  p lan ts  on which the  
f r u i t s  have been  " s t o r e d "  fo r  a  p e r io d  of t im e  p re v io u s  to a  once -o v er  
h a r v e s t ,  i t  is  p ro b ab le  th a t  the  p ro b le m  of s u p e r f i c i a l  c ra c k in g  of 
f r u i t s  m a y  a s s u m e  m o r e  im p o r ta n c e .
A. F ^- h y b r id s .  W'hen 16 p lan ts  of NH # 59-4  x Sweet R ou­
m an ian  w e r e  grown in a  s c r e e n e d  g re e n h o u se  in 1963 to i n s u r e  an am p le  
supply  of known s e l f -p o l l in a te d  s e e d  fo r  F , a l l  of them  had s u p e r f i c i a l
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c ra c k in g  of the f r u i t s .  They w e r e  not  s c o r e d  fo r  the de fec t  n u m e r i c a l ly ,  
but  the  am ount  was r e c o r d e d  "heavy" .  F ive  r e c i p r o c a l  F^ hy b r id s  of th is  
c r o s s  grown in the  field  in 1965 (see T ab le  3) in l ike m a n n e r  had s u p e r ­
f ic ia l  c r a c k in g  r a t e d  4. 2 fo r  i m m a t u r e  f ru i t s  and 3. 5 fo r  r i p e  f ru i t s .
It i s  doubtful that  any r e a l  d i f f e ren c e  in c ra c k in g  of the  f r u i t s  at the 
two s t a g e s  o c c u r r e d .  R e c ip r o c a l  c r o s s e s  of Sweet Roum anian  and Red 
Chili  (see  T ab le  3) had id en t ica l  r a t in g s  of 1. 6 f o r  i m m a t u r e  f r u i t s  and 
2.1 for  r ip e  f r u i t s .  Of p a r t i c u l a r  i n t e r e s t  is the  fac t  tha t  when 2 v a r i t i e s  
having s e v e r e  c ra ck in g ,  n am ely ,  Sweet Roum anian  and Sweet C h e r ry  
(see T ab le  1) w e r e  c r o s s e d  with Red Chili  having a 0 r a t in g ,  the  r e c i p r o c a l  
F ^ -h yb r id s  (see T ab le  3) a l l  had s o m e  s u p e r f i c i a l  c rack in g .  None of 
the  F^-h y b r id  p lan ts  equaled  the r e l a t iv e ly  s e v e r e  ra t in g  of t h e i r  p a r e n t s  
and none w e r e  f r e e  of c ra c k in g  l ike the  Red Chili  v a r i e ty .
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T ab le  1„ W eigh ted  m e a n  r a t in g s  of s u p e r f i c i a l  c ra c k in g  
fo r  f r u i t s  of 26 f i e ld -g ro w n  p e p p e r  v a r i e t i e s  
in 1964 and 1965.
Ratings  fo r  s u p e r f i c i a l  c ra c k in g
N am e of v a r i e ty  _________ 1964  1S65
________    I m m a tu r e  Ripe I m m a tu r e  Ripe
Sweet Roum anian 2 .0 3. 4 6. 3 6 .0
UC # 61 M 10 1. 3 5. 3 3. 8 5. 6
H u ng a r ian  Wax 1. 9 3. 2 5. 4 5 .4
Sweet C h e r r y 4. 5 5. 0 ----- 4 .7
PI.  # 263114 0. 9 1. 8 5. 0 4 .6
NH # 59-4 1. 0 1. 3 3„ 8 3. 3
W iscon s in  L akes 1.4 1. 0 -------------- 3.2





4 2. 0 2. 5 3.1
Santa  Fe  Gem 0. 5 3. 7 . 2. 5 3. 0
PI.  # 267061 2 .7 2. 3 -------------- 3. 0
Red Cayenne 0. 2 0.1 2. 7 3 .0
Pino'cchio 0. 3 1. 3 2. 9 2. 9
PI.  # 260453 0 .7 1. 1 2. 8 2. 9
Staddon 's  Se lec t 2. 0 ----- -------------- 2. 8
P a c e m a k e r 0. 3 0. 2 2. 8 2. 6
PI. # 263109 0. 5 1. o 2. 0 2. 5
L a r g e  Red C h e r r y 0 . 0 0. 6 1.7 2 .4
E a s t e r n  R ocket 0. 0 0.1 2. 2 2. 3
Vinedale 2. 0 3. 4 -------------- 2. 2
King of The N or th 1.1 2. 0 2. 5 2. 0
Sweet Chocola te 0.1 0. 5 4. 2 2. 0
Calw onder T. 2 -------------- 2. 8 1. 8
I ta l ian  Sweet 0. 8 0. 3 -------------- 1. 6
Hot P o r t u g a l 0 .7 0. 5 -------------- 1. 5
Red Chi li 0 .0 0. 0 0. 0 0 .0
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T ab le  2. Weighted m e a n  r a t i n g s  of s u p e r f i c i a l  c ra c k in g  for  23 
f i e ld -g ro w n  v a r i e t i e s  which  m a t u r e d  e i t h e r  v e r y  few 
o r  no r ip e  f r u i t s  in 1964.
R a t ings  fo r  s u p e r f i c i a l  c ra c k in g  
N am e of v a r i e ty ____________________ I m m a tu r e  f ru i t  Ripe f ru i t
PI. # 263073 3. 6 -----
111. # 1003-205 3. 2 -----
PI.  # 263076 3. 0 3. 6
Allbig 2„ 4 -----
PI. # 264659 2.1 -----
Keystone  R e s i s t a n t  Giant 2 .0 -----
Yolo Wonder  B. 1. 8 -----
L a r g e  Sweet Yellow 1. 8 -----
111. # 1003-201 1.6 -----
D e la w a re  Be lle 1. 6 -----
G reen  Boy Hybr id 1. 5 -----
H a r r i s ’ Im p ro v e d  Squash 1. 5 2. 4
M ichigan  W onder 1. 2 -----
M e r r i m a c k  W onder 1.2 -----
L a r g e  Bell 1.1 -----
PI. # 286419 h  1 0. 3
F l o r a l  Gem 0. 9 2.1
PI.  # 263110 0. 6 0. 5
P ennw onder 0. 5 -----
Golden Wonder 0. 5 -----
Cubanelle 0. 4 2. 9
S p a r tan  E m e r a l d  __ 0. 3 -----
Acanqua 0. 2 -----
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T ab le  3„ Weighted m e a n  r a t in g s  of s u p e r f i c i a l  c ra ck in g  fo r  5 
f i r s t - g e n e r a t i o n  hybr id  f i e ld -g ro w n  p e p p e r s  in 1865.
F ^ -h y b r id s  Ratings  fo r  s u p e r f i c i a l  c ra ck in g
___________________________ I m m a tu r e  f r u i t  Ripe f ru i t
Sweet  R oum an ian  x NH # 59-4 4 .2 3. 5
Sweet R oum anian  x Red Chili 1. 6 2.1
Red Chili  x Sweet Roum anian 1. 6 2.1
Red Chi li  x Sweet C h e r r y 0. 8 0. 3
Sweet C h e r r y  x Red Chi li 1.0 0.1
T ab le  4. L e a s t - s q u a r e s  a n a ly s i s  of d a ta  with unequal  s u b c l a s s  
n u m b e r s  of im m a tu r e  and r ip e  f r u i t s  of 2 6 H e l d - g r o w n  
v a r i e t i e s  in 1964 and 1965.
A na lys is  of v a r i a n c e :  Tw o-w ay  c la s s i f i c a t io n  with in te rac t io n
S o u rce  of v a r i a t io n d. f. M ean s q u a r e F
I m m a tu r e  f ru i t s :
v a r i e t i e s 25 854.0789 9. 036 **
y e a r s 1 18606.7163 196. 867 **
v a r i e t i e s  x  y e a r s 25 304.3964 3. 220 **
E r r o r 173 94. 5138
Ripe f r u i t s :  
v a r i e t i e s 25 1730. 0910 16.067 **
y e a r s 1 5258. 3707 48. 834 **
v a r i e t i e s  x  y e a r s 25 409.8443 3. 806 **
E r r o r 193 107. 6773
** s ig n i f ican t  a t  the  one p e r c e n t  l eve l  of p robab i l i ty .
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50 The h e r i t a b i l i t y  of s u p e r f i c i a l  c r a c k in g  of p e p p e r  f ru i t s
F o r  any a c c u r a t e  c l a s s i f i c a t io n  of pheno types  within  popula t ions  
of p e p p e r  p lan ts  in which the  c h a r a c t e r  for  s u p e r f i c i a l  c ra c k in g  is be ing  
c o n s id e re d ,  it i s  d e s i r e a b l e  to have r a t h e r  co m p le te  e x p re s s io n  of the 
defec t .  One can not be s u r e ,  o th e rw is e ,  w h e th e r  a  p lant  tha t  m e r i t s  
a  0 ra t in g - i s  gene t ica l ly  f r e e  of the  a b n o rm a l i ty  o r  is m e r e l y  not 
m an i f e s t in g  sy m p to m s  due to an inadequate  e n v i ro n m en t  fo r  e x p r e s s io n  
of the  t r a i t .  Since in both y e a r s  r ip e  f r u i t s  r a t h e r  co ns is ten t ly  had 
m o r e  s u p e r f i c i a l  c ra c k in g  than did the  i m m a tu r e  f r u i t s ,  d a ta  fo r  the  
r ip e  f r u i t s  only w e r e  used  fo r  e s t im a t in g  h e r i t a b i l i t y  a c c o rd in g  to the  
m ethod  of W a r n e r  (13). High e s t im a t e s  of h e r i t a b i l i ty  fo r  s u p e r f i c i a l  
c ra c k in g  w e r e  obta ined  in both 1964 and 1965 (see  T ab le  5).
W a r n e r  (13) s ta ted :  "The  need  f o r  a t  l e a s t  s e v e r a l  hundred  
indiv idua ls  of the  F 2 , and a  l ike  n u m b e r  of the  b a c k c r o s s e s ,  is  
a p p a r e n t  in o r d e r  to r ed u c e  the  s a m p l in g  e r r o r  to a  p r a c t i c a l  l e v e l ”.
The n u m b e r s  of p lan ts  l i s t e d  in T ab le  5 h a rd ly  fulf i l led  th is  
sp e c i f ica t io n ,  p a r t i c u l a r l y  for  the  b a c k c r o s s e s .  It p ro v ed  diff icult  to 
get  enough s e e d s  of the  b a c k c r o s s  of the  F^ p lan ts  and Sweet Roum anian  
b e c a u s e  of f a i l u r e  of the  f lo w e r s  to s e t  f r u i t s .  It w as  so m e w h a t  l e s s  
so  fo r  the b a c k c r o s s  to the  l e s s  su s c e p t ib le  p a r e n t ,  NH # 59-4„ T ha t  
the  r e l a t i v e  m agn i tude  of h e r i t a b i l i t y  e s t im a t e s  f o r  a  gene t ic  c h a r a c t e r  
w i l l  v a r y  f r o m  y e a r  to y e a r  and loca t ion  to loca t ion  fo r  the  s a m e  c r o s s  
is  expec ted .  The loca t ion  in th i s  s tudy was e s s e n t i a l l y  the  s a m e  in 
1S64 and 1965. The e s t im a t e s  of h e r i t a b i l i t y  in the  two y e a r s  w e r e
0. 90 and 0. 56, r e s p e c t iv e ly .  With r e f e r e n c e  to appendix  T ab le  1, 
a p p re c ia b le  d i f f e re n c e s  in so i l  m o i s t u r e  condit ions  fo r  th e  two y e a r s  
w e r e  r e c o r d e d .  T ha t  w a t e r  r e l a t i o n s h ip s  a r e  a s s o c i a t e d  with s u p e r ­
f ic ia l  c ra c k in g  of the  p e p p e r  has  been  noted a l r e a d y  in th is  study. A 
high e s t im a t e  of h e r i t a b i l i t y  a c c o rd in g  to W a r n e r ’s m e th o d  su g g e s t s  
th a t  the  t r a i t  is  g e n e t ica l ly  con tro l led ,  but  does  not ru le  out en v i ro n m en ta l
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effec ts .  The e n v i ro n m e n t  was  a s s u m e d  to be s i m i l a r  fo r  the  3 genet ic  
popula t ions  grown within a given y e a r .  The e s t im a t e s  of h e r i t a b i l i t y  
for  s u p e r f i c i a l  c ra c k in g  found in th is  s tudy  would s e e m  to m ake  fea s ib le  
the  s e l e c t io n  fo r  individual  p lan ts  in F^ tha t  w e r e  pheno typ ica i ly  f r e e  
of the  defec t .  A p p ro x im a te ly  one half  of su ch  s e l e c t io n s  m igh t  be expected  
to have l i t t le  o r  no s u p e r f i c i a l  c r a c k in g  of the f r u i t s .  F u r t h e r  s tudy  wil l  
be  n e c e s s a r y  to l e a r n  how m any  f a c t o r s  m ay  be involved in the  i n h e r i ­
tan c e  of th i s  t r a i t ,  and how effec t ive  s e l e c t io n  in F  f r o m  a c r o s s
2
be tw een  a su s c e p t ib le  p a re n t  and a highly r e s i s t a n t  p a r e n t  can be.
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T ab le  5. S u m m a r y  of to ta l  v a r i a n c e s  and h e r i t a b i l i t y  e s t im a t e s  
fo r  s u p e r f i c i a l  c r a c k in g  of r i p e  f r u i t s  in 3 genet ic  
popula t ions  f r o m  a  c r o s s  of Sweet R oum anian  and 
NH # 59-4  p e p p e r s .
Y e a r Supe r f ic ia l O b s e rv e d  v a r i a n c e s E s t im a te  ofc ra c k in g  of BcSR B c59-4 F 2 h e r i t a b i l i t y
1964 Ripe f r u i t s  








1965 Ripe f r u i t s  











Su p e r f ic ia l  c r a c k in g  of p e p p e r  f r u i t s  was  s tud ied .  The 
v a ry in g  p a t t e r n s  of c rack in g ,  p a r th e n o c a r p ic  f r u i t s ,  and inc idence  
of c r a c k in g  w e r e  d e s c r i b e d  and i l l u s t r a t e d .
F r o m  o b se rv a t io n s  of r e c i p r o c a l  g ra f t s  be tw een  a  highly 
su s c e p t ib le  and a som e w h a t  r e s i s t a n t  v a r i e ty ,  it was concluded that  
the de fec t  was  a  non- in fec t iou s  d i s o r d e r .
Of 32 sw ee t  and 9 pungent  c o m m e r c i a l  v a r i e t i e s  o b se rv e d  
and s tud ied  only Red Chili,  a  pungent one, r e m a in e d  f r e e  of the 
d e fec t  in both 1964 and 1965. Ripe f r u i t s  had m o r e  s e v e r e  s u p e r ­
f ic ia l  c ra c k in g  than did im m a tu r e  f r u i t s .  S ta t i s t i c a l ly  s ign i f ican t  
d i f f e r e n c e s  w e r e  found be tween  v a r i e t i e s ,  y e a r s , a n d  v a r i e t i e s  x y e a r s  
when 26 v a r i e t i e s  of p e p p e r s  w e r e  t e s t e d  by the m ethod of l e a s t - s q u a r e s .
S u p e r f ic ia l  c r a c k in g  of p e p p e r  f ru i t s  is a  h e r i t a b le  t r a i t  
a s  b a se d  upon W a r n e r ' s  m ethod  f o r  e s t im a t in g  h e r i t a b i l i t y .  Effec t ive  
s e lec t io n  in f ro m  a  c r o s s  be tw een  a su s c e p t ib le  and a  highly r e s i s t a n t  
p a r e n t  s e e m s  p o s s ib le .
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T ab le  1. Daily  t e m p e r a t u r e s  and p rec ip i ta t io n  f ro m  May 28 
to October  7 fo r  1964 and 1965 in D u rh am ,  New 





T e m p e r a tu r e  
Max. Min.




P r e c ip i t a t io n
28 71 39 T 2 / 81 51 0. 22
29 65 32 ------- 75 46 -------
30 71 36 ------- 68 37 0. 48
31 73 34 . ------ 70 - 43 -------
1 65 55 _ _ _ _ _ 70 36 0. 03
2 68 42 ------- 66 52 0. 47o 71 31 ------- 59 48 0.14
4 69 45 0 .05 75 35 ------
5 70 42 ------- 83 46 ------
8 76 32 ------- 86 43 -------
7 80 52 ------- 90 54 -------
8 71 56 0. 84 87 52 -------
9 71 57 0. 01 84 65 0.10
10 87 53 ------- 84 59 T
11 85 50 ------- 77 43 T
12 84 47 ------- 80 41 -------
13 80 42 0. 04 72 48 2. 46
14 82 41 0. 03 55 48 0. 31
15 78 45 T 65 39 T
16 64 52 ------- 73 35 -------
17 76 47 T 72 38 -------
18 80 38 ------- 77 43 T
19 81 42 ------- 78 43 0. 05
20 95 82 ------- 86 55 0.13
21 95 60 90 - - -------
22 85 57 ------- 88 61 -------




D ate T e m p e r a tu r e  
Max. Min.
P r e c ip i ta t io n T e m p e r a t u r e  
Max. Min.
P r e c ip i ta t io n
24 90 55 _ _ _ _ 85 66 0. 22
25 79 59 0.17 74 43 T
26 83 44 --------- 77 40 ---------
27 85 60 ------- 83 39 -------
28 83 41 ------- 89 51 -------
29 84 44 ------- 90 68 -------
30 91 61 0. 08 84 60 0. 06
1 99 60 _____ 80 49 T
2 87 62 ------- 81 41 -------
3 85 61 1. 03 78 48 0. 17
4 81 62 0. 20 79 52 T '
E) 80 57 T 84 47 -------
6 75 56 2. 02 74 57 T
7 83 47 0. 01 74 35 -------
8 82 47 ------- 85 58 0. 10
9 74 58 T 86 48 -------
10 67 58 0. 28 85 65 0. 10
11 78 53 ------- 82 58 -------
12 80 52 ------- 84 49 -------
13 70 57 0. 03 82 4-9 -------
14 76 56 0. 47 94 64 -------
15 88 54 ------- 90 68 0. 18
16 86 53 ------- 81 48 -------
17 89 53 ------- 86 48 0. 22
18 91 58 ------- 77 62 0. 44
19 91 66 0. 30 78 59 0.16
20 77 58 ------- 76 42 -------
21 86 57 ------- 79 43 T
22 87 69 0. 31 82 44 -------
23 79 60 ------- 78 63 T
24 69 _ _ ------- 87 61 -------
25 69 56 T 90 72 T
26 77 55 T 86 57 -------
27 90 55 ------- 82 49 -------
28 92 54 ------- 80 47 -------
29 86 64 ------- 82 50 T
30 81 49 0„ 01 86 44 -------






Date T e m p e r a tu r e  P r e c ip i ta t io n  T e m p e r a tu r e  P r e c ip i t a t io n
Max„ Min. Max. Min.
August 1 78 38 ------- 82 44 -------
2 71 54 T 68 59 0. 05
3 73 45 T 80 58 0. 20
4 78 46 ------- 83 44 -------
5 75 52 T 83 44 -------
6 76 51 ------- 93 49 -------
7 72 42 ------- 96 63 -------
8 75 54 T 89 68 -------
9 76 41 ------- 87 69 0. 71
10 79 36 ------- 87 67 0. 47
11 74 46 T 78 59 0. 07
12 75 69 0 .0 6 86 50 -------
13 76 50 0.01 86 61 -------
14 72 38 ------- 83 55 -------
15 72 36 T 91 56 -------
16 81 37 ------- 94 65 -------
17 78 58 T 88 63 -------
18 82 55 T 85 64 0. 07
19 78 57 T 85 67 0. 52
20 77 37 T 80 58 T
21 75 40 0. 48 78 45 -------
22 69 52 1. 31 70 52 0. 30
23 61 54 0. 39 78 55 0. 16
24 86 52 0.01 79 39 -------
25 82 45 ------- 82 44 -------
26 80 54 0. 04 72 58 0o 06
27 80 40 ------- 84 59 -------
28 80 42 ------- 87 54 0. 52
29 81 42 ------- 65 46 0. 20
30 85 51 ------- 64 34 -------
31 84 59 ------- _64 28 -------
1 78 57 T 71 47 0. 28
2 75 36 ------- 72 52 0. 31
3 76 36 ------- 74 42 -------
4 79 48 0 .0 4 74 38 -------
5 82 54 ------- 73 37 -------
8 78 53 ------- 80 38 -------





T e m p e r a t u r e P r e c ip i ta t io n  T e m p e r a tu r e  P re c ip i ta t io n  
Max. Min. Max. Min.
O ctober
8 85 39 ------- 73 45 0. 05
9 80 60 0 .02 71 34 -------
10 71 59 T 87 53 0. 20
11 90 54 ------- 80 64 -------
12 72 51 0 .04 63 40 -------
13 63 38 T 64 39 0. 76
14 60 38 0. 03 66 48 0. 02
15 67 28 T 66 46 0. 10
16 68 29 ------- 75 55 -------
17 66 31 0 .03 75 48 -------
18 76 40 T 78 47 T
19 66 35 ------- 68 56 0. 16
20 66 29 T 84 55 -------
21 69 30 T 88 65 -------
22 70 41 T 91 67 -------
23 70 57 0„ 45 88 64 -------
24 79 68 T 81 60 -------
25 72 38 ------- 73 51 0.1 9
26 72 31 T 72 33 -------
27 74 39 ------- 62 41 T
28 70 45 0. 02 59 25 -------
29 55 36 0.11 63 44 0. 02
30 66 43 T 57 31 -------
1 61 30 T 63 35 0. 57
2 64 25 T 67 42 0.11
3 71 50 0.13 64 28 0. 01
4 74 31 ------- 56 35 -------
5 88 45 ------- 45 32 T
6 56 24 ------- 51 22 -------
7 56 27 T 60 52 -------
1/ Data  p rov ided  by D e p a r tm e n t  of Soil and W ate r  Science,  U n iv e rs i ty  
of New H a m p sh i re .
2 /  T  = t r a c e .
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